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Various types of instrumentat ion used  i n  obta in ing  h e a t  f l u x  and 
p res su re  measurements i n  the  exhausts of a number of Sa turn  rocke t s  
f i r e d  i n  the  l as t  two years  are  d iscussed .  Analysis of experimental  
d a t a  obtained by var ious  measuring techniques is a n  important f a c t o r  
i n  c o r r e l a t i n g  p red ic t ions  of pressure  and hea t ing  from exhausts  of 
l i q u i d  p r o p e l l a n t  main s t a g e  engines and s o l i d  p rope l l an t  u l l a g e  and 
retro-motors  used f o r  s t a g e  sepa ra t ion  purposes.  The t e s t i n g  tech- 
niques a t  va r ious  f a c i l i t i e s  including type and l o c a t i o n  of i n s t r u -  
mentat ion used and p r i n c i p a l  r e s u l t s  obtained from the  ins t rumenta t ion  
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comparison of hea t ing  from Saturn  s o l i d  p rope l l an t  exhaus ts ,  desc r ib ing  
b r i e f l y  some of the  experimental  programs and d i scuss ing  some pre l imi-  
nary r e s u l t s .  The p resen t  r e p o r t  summarizes a l l  of the  experimental  
Sa turn  s o l i d  p r o p e l l a n t  t e s t s  and ins t rumenta t ion  used, as we l l  as some 
of t he  most r e c e n t  l i q u i d  (or  gaseous) p rope l l an t  f i r i n g s .  The number 
of f i r i n g s  of each type,  t e s t  f a c i l i t y ,  type of measurement, approximate 
a l t i t u d e ,  s c a l e ,  and completion da te  a r e  l i s t e d  i n  t a b l e  I. 

11. DISCUSSION 

A. Measurements i n  Saturn Sol id  Propel lan t  Exhausts 

The Sa turn  s o l i d  p rope l l an t  f i r i n g s  d i s c u s s e d  here  involved the  
S - I ,  S-IB, S - I C ,  S-11, S-IVB, and Centaur r e t r o  and the  S - I 1  and S-IV 
(or  S-IVB) u l l a g e  motors f i r e d  i n  the  f i v e  t e s t  f a c i l i t i e s  l i s t e d  i n  
t a b l e  I. A l l  of the t es t s ,  w i th  the except ion of those a t  Cornel1 
Aeronaut ica l  Laboratory,  were f u l l  s c a l e ,  and a l l  of the  tes ts  except  
the f i r i n g s  a t  Rocketdyne, McGregor, Texas, were a l t i t u d e  f i r i n g s .  Since,  
i n  s e v e r a l  cases ,  more than one type of motor w a s  f i r e d  during a p a r t i c u -  
l a r  program, t h i s  s e c t i o n  w i l l  be divided i n t o  the  fol lowing groups of 
exhaust  measurements: (1) S-IVB and S-I1 Ullage Exhaust Measurements a t  
AEDC, ( 2 )  S-IVB Retro Exhaust Measurements a t  AEDC, ( 3 )  S-I1 Ullage 
Exhaust Measurements a t  OAL, ( 4 )  S - I 1  Ullage Exhaust Measurements a t  
Rocketdyne, (5) Centaur Retro Exhaust Measurements a t  MSFC, (6) S-IB and 
S - I1  Retro Exhaust Measurements a t  CAL, and ( 7 )  S - I ,  S - IB ,  S-IC Retro 
and S-11, S-IVB Ullage Exhaust Measurements a t  CAL. 

1. S-IVB and S-I1 Ullage Exhaust Measurements a t  AEDC 

These t e s t s  involved the f i r i n g  of two S-IVB u l l a g e  (Thiokol 
TX-280) motors and two S - I 1  u l l age  (Rocketdyne RS-U-501) motors i n  the  
spray  chamber of the  300-foot deep, 5-4 t e s t  c e l l  a t  Arnold Engineering 
Development Center  (AEDC) during the  summer of 1965. 
of these  t e s t s ,  inc luding  instrumentat ion l ayou t  and t e s t  r e s u l t s  a r e  
g iven  by Rochelle i n  r e fe rence  3. 
p ressure  measurements i n  the plume were obtained by mounting two copper 
probes 23 f e e t  above the motor e x i t  plane.  Radiat ion measurements were 
a l s o  obtained ou t s ide  the plume by mounting two Hayes I n t e r n a t i o n a l  r a d i -  
ometers,  models FF-1 and AH-1, 6 inches and 10 f e e t ,  r e s p e c t i v e l y ,  from 
the  nozzle  e x i t .  The copper probes,  shown i n  f i g u r e  1, b u i l t  by Heat 
Technology Laboratory (HTL), were 2 1 / 2  inches i n  diameter  and 10 inches 
long wi th  a s h o r t  ex tens ion  on one end on which w a s  mounted e i t h e r  a 0.1- 
inch t h i c k  t e f l o n  s t r i p  o r  a piece of uninsulated confined de tona t ing  
f u s e  (CDF) assembly t o  q u a l i t a t i v e l y  determine p a r t i c l e  e ros ion  e f f e c t s .  
For the  S-I1 u l l a g e  motor f i r i n g s ,  one of t h e  probes h a d  a te f lon-coa ted  
ordnance d isconnec t  mounted on one end a n d ,  f o r  the  l a s t  f i r i n g ,  a l s o  
had a s i l i c o n e  and sponge rubber insu la ted  p i ece  of CDF. 

The complete d e t a i l s  

Tota l  and r a d i a t i o n  hea t ing  and t o t a l  
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TECHNICAL MEMORANDUM X-53613 

SUMMARY OF HEAT FLUX AND PRESSURE INSTRUMENTATION 

USED I N  RECENT SATURN ROCKET EXHAUST TESTS 

SUMMARY 

Various types of ins t rumenta t ion  used i n  ob ta in ing  h e a t  f l u x  and 
pressure  measurements i n  the  exhausts  of a number of Sa turn  rocke t s  
f i r e d  i n  the  l as t  two years  a r e  d iscussed .  Analysis  of experimental  
da t a  obtained by var ious  measuring techniques is  a n  important f a c t o r  i n  
c o r r e l a t i n g  p red ic t ions  of pressure  and hea t ing  from exhausts  of l i q u i d  
p rope l l an t  main s t a g e  engines and s o l i d  p rope l l an t  u l l a g e  and r e t r o -  
motors used f o r  s t a g e  s e p a r a t i o n  purposes.  The t e s t i n g  techniques a t  
var ious  f a c i l i t i e s  including type and l o c a t i o n  of ins t rumenta t ion  used 
and p r inc ipa l  r e s u l t s  obtained from the  ins t rumenta t ion  a r e  desc r ibed .  

I. INTRODUCTION 

The NASA Marshal l  Space F l i g h t  Center (MSFC) has the  r e s p o n s i b i l i t y  
of determining the  thermal environment t o  a l l  po r t ions  of t he  Sa tu rn  
veh ic l e s  caused by hea t ing  from the  l i q u i d  p r o p e l l a n t  H - 1 ,  F-1, 5-2, and 
RL-10 main s t a g e  engines and the s o l i d  p rope l l an t  S - I ,  S - I B ,  S - I C ,  S-11, 
S-IV, S-IVB, and Centaur r e t r o  and the  S-11, S-IV, and S-IVB u l l a g e  
motors. Excessive hea t ing  and pressures  from exhausts  of main s t a g e  
engines could damage the h e a t  s h i e l d s  and could cause explosions i n  the  
base  a r e a .  Also, excess ive  hea t ing  r a t e s  and pressures  from s o l i d  pro- 
p e l l a n t  u l l age  and retro-motors  could damage the  nearby s t r u c t u r e  and 
v i t a l  components during the  s e p a r a t i o n  of s t a g e s .  

For the  p a s t  f i v e  yea r s ,  c a l c u l a t i o n s  and tes ts  sponsored by MSFC 
have been made i n  the  Sa turn  base a r e a s  t o  determine r a d i a t i o n  and con- 
vec t ive  hea t ing  from the main s t a g e  engines ,  and, f o r  t he  p a s t  two yea r s ,  
i n  the s t a g e  s e p a r a t i o n  r eg ions ,  t o  determine r a d i a t i v e ,  convect ive,  and 
p a r t i c l e  impingement hea t ing  from the  s o l i d  p r o p e l l a n t  motors.  Several  
r e p o r t s  and papers have been published involving some of the  c a l c u l a t i o n s  
and t e s t s ,  bu t  none of t hese  have summarized the  most r e c e n t  tests and the  
probes and o p t i c a l  ins t rumenta t ion  used i n  these  motor f i r i n g s .  An o r a l  
p re sen ta t ion  [ l ] ,  made a t  the  F i f t h  Annual Meeting of the  Hun t sv i l l e  Sec- 
t i o n  of the  Instrument Soc ie ty  of America i n  A p r i l  1966, descr ibed  some 
of the important measurements i n  Sa turn  s o l i d  p r o p e l l a n t  rocke t  exhausts  
up t o  that time. Rochelle [2]  presented a t h e o r e t i c a l  and experimental  



The copper probes had t o t a l  and r a d i a t i o n  ca lor imeters  and 
a p res su re  t a p  mounted on the  s t agna t ion  l i n e .  The ca lo r ime te r s ,  b u i l t  
by HTL, were of the s t e a d y - s t a t e  sensor  o r  Gardon-type discussed i n  
r e fe rences  4 and 5. The t o t a l  ca lor imeters  had a t h i n ,  blackened ( fo r  
maximum a b s o r p t i v i t y )  constantan d i s c  of low thermal conduct iv i ty  
(13 BTU!ft h r  OF) mounted t o  a copper heat s i n k  of h igh  thermal con- 
d u c t i v i t y  (233 BTU/ft h r  OF). The s e n s i t i v i t y  of the  instruments  was 
d i r e c t l y  p ropor t iona l  t o  the square of the  d i s c  diameter  and inve r se ly  
p ropor t iona l  t o  i t s  th ickness .  One copper wire  connected t o  the  copper 
mass and another  butt-welded t o  t h e  back s i d e  of t h e  cons tan tan  d i s c  
formed a d i f f e r e n t i a l  thermocouple whose equ i l ib r ium temperature was 
p ropor t iona l  t o  the absorbed h e a t  f lux  from t h e  rocke t  exhaust .  The 
r a d i a t i o n  ca lor imeters  were a l s o  of the  Gardon-gage-type wi th  a 0.015- 
inch  t h i c k  s y n t h e t i c  sapphi re  window around which a gaseous N2 purge of 
about  150 p s i a  w a s  e j e c t e d .  The pressure  t ransducers  were Hidyne S e r i e s  
1 2 5  which requi red  a 5V RMS, 20  KC e x c i t a t i o n  s i g n a l  and r e g i s t e r e d  a 
maximum output  of 0.5 p s i  p re s su re  d i f f e r e n t i a l .  These t ransducers  were 
mounted perpendicular  t o  the  t o t a l  p ressure  t a p  i n  t h e  probe t o  minimize 
p a r t i c l e  impingement e f f e c t s  on the  t ransducer  diaphragm. The Hayes 
radiometers  used ou t s ide  the plume had a thermis tor  bolometer d e t e c t o r ,  
0 .3  mm square ,  t o  determine t o t a l  r a d i a t i o n  emit ted from the  v i s i b l e  
wavelengths ou t  t o  about  15p and had a f i e l d  of view of 8 .1  m i l l i r a d i a n s  
square .  

Measured va lues  of t o t a l  hea t ing  r a t e  on the  probes f o r  the  
S-I1 u l l a g e  motor were about  60-70 BTU/ft2sec and r a d i a t i o n  hea t ing  
about  6-8  BTU/ft2sec. The Hayes FF-1 radiometer  measured about  20-22 
BTU/ft2sec near  the  e x i t  plane and the AH-1 10 f e e t  from the  nozzle  e x i t  
read less than 4 BTU/ft2sec. Although s t e a d y - s t a t e  readings obtained 
from t h e  p re s su re  t ransducer  were about 0.25 p s i a ,  somewhat higher  than 
p red ic t ed ,  i t  w a s  be l ieved  t h a t  some of the  s o l i d  A120, p a r t i c l e s  were 
s t i l l  impacting on the  diaphragm. T o t a l  hea t ing  r a t e s  on the  probe f o r  
the  S-IVB u l l a g e  motor were about  60 BTU/ft2sec, a r e l a t i v e l y  l a r g e  
va lue ;  however, because of the  l a r g e  a r e a  r a t i o  (Ae/At - 21)  of t h i s  
motor, the  f i r s t  normal shock i n  the  plume w a s  found t o  occur a s h o r t  
d i s t a n c e  i n  f r o n t  of the  probe, r e s u l t i n g  i n  increased  hea t ing  r a t e s  on 
the  probe. The Hayes FF-1 radiometer near the e x i t  plane read about  
2-3 BTU/ft2sec f o r  the  S-IVB u l l age  motor, and the  AH-1 recorded l e s s  
than 1 BTU/ft2sec. 

2. S-IVB Retro Exhaust Measurements a t  AEDC 

These t e s t s  involved the impingement of the  S-IVB r e t r o  
mztor (Thiokol TX-143) exhaust  on a model  of t h e  Centaur s t a g e  i n  the 
spray  chamber of the  AEDC 5-4 t e s t  c e l l  as d iscussed  by Muse [ 6 ] .  
motors were f i r e d  i n  t h i s  program, three a t  zero-degree can t  angle  and 
two canted a t  11.5 degrees away from the v e h i c l e .  The o b j e c t  of these  
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t e s t s  w a s  t o  determine changes i n  r e f l e c t i v i t y  of the  p a i n t  sample, l a s e r  
beam a t t e n u a t i o n  through the plume, and s o l a r  c e l l  panel e ros ion  caused 
by impingement of A1,03 p a r t i c l e s ,  as we l l  as s u r f a c e  pressure  and hea t -  
ing caused by plume impingement a long the  Centaur panel .  Tota l  hea t ing  
r a t e s  were obtained by Hy-Cal asymptot ic  ca lo r ime te r s  l oca t ed  a t  f i v e  
p o s i t i o n s  along the  panel ,  and r a d i a t i v e  hea t ing  w a s  obtained by an  HTL 
ca lor imeter  mounted ou t s ide  the  plume about  3.7 f e e t  from the e x i t .  
Strain-gage-type pressure  t ransducers  of 1 p s i a  maximum range,  furn ished  
by MSFC were mounted a t  seven loca t ions  along the  panel .  Tota l  hea t ing  
r a t e s  and pressures  (averaged over t ime) a r e  shown i n  f i g u r e  2 f o r  a 
zero-degree cant  angle  f i r i n g .  The t h e o r e t i c a l  c o r r e l a t i o n  of t hese  
hea t ing  r a t e s  and pressures  (along wi th  those of  o t h e r  f l a t - p l a t e - t y p e  
t e s t s )  is  scheduled t o  be presented s h o r t l y  by Rochelle and Kooker [ 7 ] .  

3 .  S - I 1  Ullage Exhaust Measurements a t  OAL 

In f r a red  radiometer d a t a  were obtained from two S - I 1  u l l a g e  
motors f i r e d  a t  Ordnance Aerophysics Laboratory (OAL) i n  June 1965; 
spectrometer  data were obtained from two S-I1 u l l a g e  motors f i r e d  a t  OAL 
i n  June 1966. The radiometer and spectrometer  were mmnted i n s i d e  A l t i -  
tude C e l l  No. 6 ,  5 .73 inches from the  e x i t  plane.  Two holes  were c u t  i n  
the  d i f f u s e r  w a l l s  (one on each s i d e )  f o r  mounting adap te r s  w i th  a 0.065- 
inch th i ck  sapphi re  window through which the  d e t e c t o r s  could r ece ive  the  
emit ted r a d i a t i o n .  The radiometer w a s  the same Hayes FF-1 instrument  
used i n  the AEDC t e s t s .  Maximum hea t ing  r a t e s  recorded by the  FF-1 were 
about  14-16 BTU/ft*sec, somewhat l e s s  than the  AEDC measurements, b u t  i t  
w a s  bel ieved t h a t  cons iderable  A1,03 and s o o t  depos i t s  on the window 
somewhat reduced t r ansmiss iv i ty .  The spectrometer  w a s  a Block Engineer- 
ing Model BD-1 w i th  a scan r a t e  of 1-4 scans / sec  which had four  d e t e c t o r s  
(one channel per d e t e c t o r  and two orders  t o  each channel) :  (1) a 1P28 
photomul t ip l ie r  tube f o r  0 . 2 2 - 0 . 3 3 ~  and 0.33-0.66p, (2) lead s u l f i d e  
d e t e c t o r  f o r  0.66-1p and 1-21-1, (3) lead se l en ide  d e t e c t o r  f o r  1 . 8 - 2 . 3 ~  
and 2 . 3 - 4 . 6 ~ ~  and (4) a thermis tor  bolometer f o r  4-6p and 6-12p. Since 
the  spectrometer  measurements were l imi ted  t o  only one channel (two 
o r d e r s )  per f i r i n g  f o r  two f i r i n g s ,  t he  complete spectrum w a s  no t  s u r -  
veyed. However, good s p e c t r a l  da ta  were obtained i n  the  2.7p H,O and C 0 2  
band (0.7-0.8 watts/cm2p s t e r a d ) ,  the 1.8-2.3 A1203 and Fe,03 continuum 
region  (0.5-0.7 watts/cm2p s t e r a d )  , and the HC1 band (0.2-0.25 watts/cm2p 
s t e r a d )  . 

4 .  S - I 1  Ullage Exhaust Measurements a t  Rocketdyne 

Two hemispherical  probes,  t h ree  inches i n  diameter and f i v e  
inches long (one copper and one t e f l o n ) ,  were mounted 20 inches from the  
e x i t  plane i n  two S-I1 u l l a g e  motor f i r i n g s  a t  Rocketdyne, McGregor, 
Texas, i n  A p r i l  1966. These probes,  which were manufactured by HTL, 
a r e  descr ibed and resu l t s  of the  t e s t s  a r e  repor ted  by Dat i s  and Fowler 
[ 8 ] .  Figure 3 shows the  i n s t a l l a t i o n  and mounting arrangement f o r  the  
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copper probe above an  S - I 1  u l l age  motor before  f i r i n g .  
contained a 0.5- inch diameter copper s l u g  i n  which were imbedded nine 
chromel-alumel thermocouples which, together  w i th  f i v e  a d d i t i o n a l  chromel- 
alumel thermocouples mounted r a d i a l l y ,  were used  t o  o b t a i n  the probe tem- 
p e r a t u r e  d i s t r i b u t i o n  as a func t ion  of t ime, and consequently the 
s t a g n a t i o n  po in t  hea t ing .  From t h i s  measured temperature d i s t r i b u t i o n ,  
i t  w a s  ca l cu la t ed  t h a t  s t a g n a t i o n  point hea t ing  r a t e s  reached a l e v e l  of 
3000-3200 BTU/ft2sec a f t e r  the chamber pressure  reached s t e a d y - s t a t e  
condi t ions  . 

The copper probe 

Abla t ion  r a t e s  were obtained on the  t e f l o n  probe by pos i -  
t i o n i n g  12 t h i n  copper-constantan thermocouple wires i n  a 0.5- inch 
diameter  t e f l o n  s l u g  a t  var ious  d i s t ances  back of the s t a g n a t i o n  po in t .  
Output was recorded on analog as w e l l  as d i g i t a l  r eco rde r s .  It w a s  
poss ib l e  t o  o b t a i n  w i t h i n  a few mi l l i seconds  the  exac t  t i m e  a t  which 
each thermocouple wire  w a s  burned through. Therefore ,  the  a b l a t i o n  
rates a l l  of t he  order  of 0.28-0.33 in / sec  ( see  f i g .  4 )  were obtained 
q u i t e  a c c u r a t e l y  as a func t ion  of time. The do t t ed  l i n e ,  r ep resen t ing  
, t h e  a b l a t i o n  depths  ca l cu la t ed  by the program descr ibed i n  r e fe rence  9,  
shows ve ry  good agreement w i t h  the data .  

5 .  Centaur Ret ro  Exhaust Measurements a t  MSFC 

Ten Centaur re t ro-motors  were f i r e d  i n  A l t i t u d e  C e l l  1 1 2  
a t  MSFC'S Test  Laboratory from March t o  June 1966. The fol lowing f i v e  
motors (two of each type) were f i r e d  during the  program: (1) Rocket 
Power, Inc .  (RPI) 1 3  percent  aluminum BAP-8 p r o p e l l a n t ,  (2)  Thiokol poly- 
s u l f i d e  TX-3,  (3) United Technology Center (UTC) UTX7757, (4) R P I  two per-  
c e n t  aluminum PAP-8 p r o p e l l a n t ,  and (5) A t l a n t i c  Research Corporat ion 
(ARC) Arcocel 268 n i t r o c e l l u l o s e .  The d e t a i l s  of t h i s  program, inc luding  
ins t rumenta t ion  and t e s t  r e s u l t s ,  a r e  repor ted  by Rochelle [ l o ] .  A l l  of 
the  plumes of the  motors impinged upon a f l a t  p l a t e  mounted 1 2  inches 
from the  a x i s  of each motor whose nozzle e x i t  w a s  pos i t ioned  5.5 inches 
from the  end of the p l a t e  as seen  i n  f i g u r e  5.  Although l a s e r  r e f l e c -  
t i v i t y ,  laser ve loc imeter ,  and p a i n t  sample degrada t ion  experiments were 
performed, as we l l  as hea t ing  and pressure measurements, t hese  a r e  no t  
d i scussed  he re .  A r a d i a t i o n  calor imeter  and n ine  t o t a l  ca lor imeters  (of 
t he  Gardon type)  manufactured by HTL were mounted on the  c e n t e r l i n e  of 
t he  36-inch by 96-inch f l a t  p l a t e  which w a s  placed v e r t i c a l l y  i n  the  
8- foot  by 37-foot  t e s t  c e l l .  Nine pressure t ransducers  (Statham Model 
80 d i f f e r e n t i a l  and Consolidated Electrodynamics Corporat ion type 4-353- 
0100 a b s o l u t e )  were a l s o  mounted along t h e  p l a t e  c e n t e r l i n e .  A Hayes 
FF-1 radiometer  was mounted ou t s ide  the plumes about  5 inches from the  
e x i t  plane and about  31 inches from the a x i s  of the  motors.  
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Experimental va lues  of t o t a l  hea t ing  and p res su re  on the  
f l a t  p l a t e  c e n t e r l i n e  a r e  shown i n  f i g u r e s  6 and 7 ,  r e s p e c t i v e l y .  For 
most of the f i r i n g s ,  t he  peak i n  hea t ing  r a t e  and p res su re  appears  t o  be 
roughly propor t iona l  t o  motor chamber p re s su re .  An a d d i t i o n a l  peak i n  
hea t ing  r a t e  and pressure  f o r  t he  ARC motor is ev iden t  f a r  downstream 
because of the  normal shock formed on t h e  p l a t e  due t o  the  motor 's  l a r g e  
expansion r a t i o  which forced the  l i p  shock t o  come down f a s t e r  than any 
of the  other motors. The Hayes FF-1 radiometer  mounted ou t s ide  the  plume 
measured average r a d i a t i o n  hea t ing  r a t e s  of t h e  l e v e l  of 6 BTU/ft2sec o r  
l e s s  f o r  a l l  of the  motors.  The t h e o r e t i c a l  c o r r e l a t i o n  of much of t he  
f l a t - p l a t e  d a t a  i n  f i g u r e s  6 and 7 w i l l  be d iscussed  by Rochel le  and 
Kooker [7] .  

6 .  S - I B  and S - I1  Retro Exhaust Measurements a t  CAL 

These s o l i d  p rope l l an t  motor tes ts  were performed a t  Cornel1 
Aeronautical  Laboratory (CAL) during 1966 and e a r l y  1967. Two impinge- 
ment configurat ions.were t e s t e d :  (1) the  S-IB retro-motor  exhaust  
impinging on the S - I B  i n t e r s t a g e  ( reg ion  between nozzle  e x i t  and S - I B /  
S-IVB sepa ra t ion  plane)  and on the  S-IVB t h r u s t  s t r u c t u r e  a t  200,000 
f e e t  and (2) the S-I1 re t ro-motor  exhaust impinging on the  S - I1  i n t e r -  
s t a g e  (region between nozzle  e x i t  and S-II/S-IVB s e p a r a t i o n  p lane)  and 
on the  S-IVB t h r u s t  s t r u c t u r e  a t  391,000 f e e t  and 200,000 f e e t .  Since 
391,000 f e e t  was the h i g h e s t  a l t i t u d e  ob ta inab le  i n  the  t e s t  c e l l ,  d a t a  
were ex t rapola ted  t o  600,000 f e e t ,  the  approximate a l t i t u d e  a t  a c t u a l  
S-II/S-IVB s t a g e  sepa ra t ion .  The pre l iminary  t e s t  p lan  f o r  t h i s  i n v e s t i -  
g a t i o n  was g iven  by Rochelle [ l l ]  and a l a t e r  modified v e r s i o n  w a s  
descr ibed by Dennis [ 1 2 ] .  The t e s t s  were a l l  performed i n  a 10-foot  by 
28-foot a l t i t u d e  c e l l  i n  which were mounted the  l / l 0 - s c a l e  models and a 
s o l i d  p rope l l an t  combustor capable of d u p l i c a t i n g  the chamber p re s su re ,  
p rope l l an t ,  and expansion r a t i o  of the  f u l l  s c a l e  motor.  This combustor, 
discussed by Hendershot [13] ,  i s  composed of b a s i c a l l y  t h r e e  p a r t s :  (1) 
combustion chamber i n  which t h i n  shee t s  of p r o p e l l a n t  are glued t o  the  
su r faces  of a 10-point  s tar  p rope l l an t  ho lde r ,  (2)  a n  exhaust  nozz le ,  and 
(3) vent ing diaphragms. 
faces  were i g n i t e d  uniformly by a spa rk  plug i n  an  oxygen-rich (O/F = 20) 
H2-02 mixture ,  and a f t e r  the  nozzle  diaphragm ruptured  a t  the requi red  
chamber pressure  (Pc = 1770 p s i a ) ,  a per iod of 15-20 mi l l i s econds  of 
s t eady- s t a t e  t e s t i n g  time ex i s t ed  f o r  each run .  

Within 2 t o  3 mil l i s econds  the  p r o p e l l a n t  s u r -  

Pressure  and hea t ing  d a t a  were obtained on the  l / l 0 - s c a l e  
models of the  S-II/S-IvB conf igu ra t ion  shown i n  f i g u r e  8 and on the  S-IB/ 
S-IVB conf igura t ion  f o r  s e p a r a t i o n  d i s t ances  of 0 t o  60 inches.  
i n t e r s t a g e ,  p ressure  and t h i n  f i l m  h e a t  t r a n s f e r  gages (descr ibed by 
Bogdan i n  r e f e rences  14  and 15)  were placed on the  top of t he  s t r i n g e r  
underneath the  a x i s  of the  motor and a t  ang le s ,  8 ,  of 4.82, 11.25, 17.68, 
and 27.33 degrees from t h i s  p o s i t i o n .  Gages were a l s o  placed on po r t ions  
of t he  5 - 2  nozzle  and on va r ious  components such as models of the  helium 
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sphe re ,  hydrogen feed l i n e ,  hydraul ic  pump, hydrau l i c  accumulator,  
p r o p e l l a n t  chil l-down r e t u r n  l i n e ,  and e l e c t r i c a l  connect panel of t he  
S-IVB s t a g e .  To check s c a l e  e f f e c t s  on s t a g n a t i o n  hea t ing ,  var ious  
sphere  s c a l i n g  t e s t s  were run  i n  which the  o v e r a l l  s c a l e  of the  nozzle ,  
t he  sphere  s i z e  and d i s t a n c e  of sphere from nozzle  e x i t  were v a r i e d ,  
b u t  t h e  motor chamber pressure ,  p rope l l an t ,  nozzle  expansion r a t i o ,  and 
a l t i t u d e  were unchanged. 

The t o t a l  hea t ing  gages (shown i n  f i g u r e  8) mounted a t  
27.33 degrees  from the plume a x i s  were  composed of a 0 . 1 ~  t h i c k  platinum 
s t r i p  which had planform dimensions of approximately 0.03 inches by 
0.25 inches and which w a s  fused on the f r o n t  s u r f a c e  of a pyrex g l a s s  
s u b s t r a t e .  A very  t h i n  (- 4 micro-inches t h i c k )  evaporated coa t ing  of 
MgF2 was  placed on the platinum f i lm  t o  provide e l e c t r i c a l  i n s u l a t i o n  
from the  ions i n  the  exhaust .  Radiat ion hea t ing  rates were measured 
near  t h e  nozzle  e x i t  plane and on the S-IVB s t a g e  base wi th  d u a l -  
element t h i n  f i l m  gages which had two plat inum s t r i p s  mounted perpen- 
d i c u l a r  t o  each o the r  ( t o t a l  hea t ing  on f r o n t  s i d e  and r a d i a t i o n  hea t ing  
on r e a r  s i d e ) .  The s u b s t r a t e  used for  t hese  gages w a s  q u a r t z  because of 
its b e t t e r  t r a n s m i s s i b i l i t y  f o r  r a d i a t i o n  measurements. S t a t i c  pressures  
on the i n t e r s t a g e ,  S-IVB t h r u s t  s t r u c t u r e ,  and 5 - 2  engine were measured 
by CAL-developed p i e z o e l e c t r i c  c r y s t a l s  w i th  h i g h  e l e c t r i c a l  s e n s i t i v i t y  
(1500 m v / p s i )  b u t  which were r e l a t i v e l y  i n s e n s i t i v e  t o  a c c e l e r a t i o n  
e f f e c t s .  Tota l  p ressures  on the  S-IB i n t e r s t a g e  were measured a t  d i s -  
tances  of 2 . 2 3  inches,  4.72 inches,  9 . 2 2  inches,  and 10.74 inches from 
the  nozz le  e x i t  and on the  S - I 1  i n t e r s t a g e  a t  d i s t ances  of 2.14 inches 
and 5.49 inches from the  nozzle  e x i t  by means of a 5-probe nozzle  rake  
w i t h  probes 0.25 inches apart. 

The pre l iminary  r e s u l t s  of t hese  t e s t s  have been repor ted  
by Dennis i n  r e fe rence  16. Figure 9 shows hea t ing  r a t e s  and pressures  
on the  S - I 1  i n t e r s t a g e  (e = Oo) a t  391,000 f e e t  showing a maximum near  
the  e x i t  plane and then decreas ing  sharp ly  t o  a p o i n t  downstream where 
i t  is  be l ieved  the  r e f l e c t e d  shocks off  ad jacen t  s t r i n g e r s  tended t o  
somewhat i nc rease  s u r f a c e  pressures  and hea t ing  r a t e s .  Some of the  
gages on the  S-IVB t h r u s t  s t r u c t u r e  n e a r e s t  t h e  p r o j e c t i o n  of the  
nozzle  c e n t e r l i n e  recorded hea t ing  r a t e s  above 100 BTU/ft*sec. 
a l a r g e  amount of impacted p a r t i c l e s  (Fe,03 and carbon) w a s  found i n  
t h i s  r eg ion ,  i t  w a s  be l ieved  that most of t he  h e a t  t r a n s f e r r e d  t h e r e  
w a s  caused by the  l a r g e  t r a n s f e r  of the thermal and k i n e t i c  energy from 
the  p a r t i c l e s  t o  the  su r face .  The r a d i a t i o n  gage near  the  nozzle  e x i t  
read only  about  1 .5  BTIJ/ft2sec, a value q u i t e  l o w  f o r  s o l i d  p r o p e l l a n t  
exhaus ts .  The t o t a l  hea t ing  r a t e s  along the  i n t e r s t a g e  compared we l l  
w i t h  the i n - f l i g h t  d a t a  and prel iminary c a l c u l a t i o n s  d iscussed  i n  
r e fe rence  1 7 .  Tota l  p ressure  probe data, which compared we l l  w i t h  the 
t h e o r e t i c a l  p r e d i c t i o n s ,  have been discussed i n  more d e t a i l  i n  r e f e r -  
ence 7 ,  a long wi th  the pressure  and hea t  t r a n s f e r  c a l c u l a t i o n s  f o r  the  
S-IB and S - I 1  i n t e r s t a g e s .  

Because 

7 



7 .  S- I ,  S-IB, S-IC Retro,  and S-11, S-IVB Ullage  Exhaust 
Measurements a t  CAL 

~ 

In the l a s t  two years  s e v e r a l  documents have been publ ished 
I summarizing base  hea t ing  experimental  measurements and i n - f l i g h t  d a t a  

from Saturn l i q u i d  p rope l l an t  engine f i r i n g s  and gaseous p r o p e l l a n t  
f i r i n g s  using the  CAL sho r t -du ra t ion  combustor which s imulated the 
l i q u i d  p rope l l an t  f i r i n g s .  Hendershot [19] ,  Hopson and McAnelly [20 ] ,  
and Dearing [21] have a l l  discussed the  e f f e c t s  of base  hea t ing  caused 
by the  exhausts of c lus t e red  l i q u i d  and gaseous p r o p e l l a n t  engines .  
Wilson [22,23] discussed the  c lus t e red  engine base  hea t ing  problem 
plac ing  spec ia l  emphasis on the  u s e  of the CAL sho r t -du ra t ion  combustor. 
Payne and Jones 1241 and Jones [25] discussed the  base thermal environ- 
ment on the Sa turn  I v e h i c l e s ,  desc r ib ing  both  i n f l i g h t  and s c a l e  model 
d a t a .  McEntire, Mullen, and Fowler [26] summarized a l l  of the  S-IC s c a l e  
model t e s t s  using the  CAL sho r t -du ra t ion  combustor w i t h  gaseous O2 and 
e thylene  to  s imula te  LOX and RP-1, r e s p e c t i v e l y .  Reference 26 included 
a l l  t he  S - I C  ex te rna l  flow d a t a  obtained i n  the  CAL 8 - foo t  by 8 - foo t  
t ransonic  wind tunnel  , the  NASA/Lewis 8 - foo t  by 6-foot  t r anson ic  wind 
tunne l ,  the NASA/Lewis 10-foot  by 10-foot  supersonic  wind tunnel ,  and 
the CAL Mach 2 h igh  a l t i t u d e  chamber. Several  f u l l  s c a l e  5 -2  and F-1 
engines and one S- IC  s t a g e  (5 F-1 's)  have been f i r e d  a t  MSFC, and 
s e v e r a l  s c a l e  model F-1 and 5 - 2  engines have been f i r e d  a t  CAL r e c e n t l y  
i n  which r a d i a t i o n  measurements have been obtained.  Complete r e s u l t s  
from these t e s t s  have not  y e t  been documented. 

These t e s t s ,  conducted i n  the  CAL t e s t  c e l l ,  involved a 
comparison of the s p e c t r a l  p r o f i l e  of t he  exhausts  of the  S - I ,  S-IB, and 
S-IC retro-motors  and the  S - I1  and S-IVB u l l a g e  motors.  A Warner-Swasey 
Model 501 in f r a red  spectrometer  w a s  the main ins t rument  used; t h r e e  PbS 
d e t e c t o r s  and a photomul t ip l ie r  tube were used  t o  f u r t h e r  monitor t he  
r a d i a t i o n .  The Model 501 spec t rometer ,  w i t h  a f i e l d  of view of 1 .25  
inches by 0.125 inches ,  w a s  centered a t  0.125 inch  from t h e  e x i t  p lane ,  
and w a s  viewed through a 4-inch diameter s apph i re  window a t  a d i s t a n c e  
of 63 inches from the  motor a x i s  (ou t s ide  the  c e l l ) .  The r a d i a n t  i n t ens -  
i t y  w a s  obtained from 1 . 7  t o  5 . 0 ~  wi th  approximately four  scans p e r  
f i r i n g  (1 scan  per s e c  wi th  0.25-second turn-around t ime) .  A 1P28 photo- 
m u l t i p l i e r  tube monitored the  r a d i a t i o n  from 0.23 t o  0.61-1, and one of t he  
PbS de tec to r s  recorded r a d i a t i o n  from the  v i s i b l e  t o  31.1, whi le  the  o the r  
two measured a t  2 . 2  and 2 . 7 ~ .  Test  d a t a  descr ibed  by McCaa [18] show 
g e n e r a l l y  t h a t  the peak i n t e n s i t y  l e v e l s  va r i ed  d i r e c t l y  wi th  the product  
of the t h e o r e t i c a l  e x i t  plane temperature and p res su re ,  and were the  
h i g h e s t  for  t he  S-IB r e t r o  wi th  a peak i n t e n s i t y  i n  the  2.71.1 H20 and C 0 2  
band of about 2.6 watts/cm2p s t e r a d  and i n  the  4 . 3 ~  C 0 2  band of about  
5.5 watts/cm3p s t e r a d .  

B. Recent Measurements i n  Sa turn  L i q u i d  and Gaseous P rope l l an t  
Exhausts 



The p resen t  r e p o r t  descr ibes  hea t ing  and p res su re  instrumenta-  
t i o n  and measurements from f i v e  Saturn l i q u i d  and gaseous p r o p e l l a n t  
t e s t s .  Of t h i s  group of tes ts ,  only one has a c t u a l l y  been completed, 
two a re  i n  progress ,  and two a r e  i n  the planning s t a g e .  These t e s t s  
p e r t a i n  t o  both  base  hea t ing  and pressure measurements and t o  hea t ing  
and p res su re  measurements on var ious  ob jec t s  placed i n s i d e  the  plumes. 
The ins t rumenta t ion  and measurements d i scussed  here  p e r t a i n  t o  t h e  
fol lowing:  (1) F-1 t e s t s  a t  MSFC, (2) S-IC (5 F-1 's)  t e s t s  a t  MSFC, 
(3 )  5-2  t e s t s  a t  MSFC, (4) S-IC (5 F - 1 ' s )  t e s t s  a t  CAL, and (5) 5-2 
t e s t s  a t  AEDC. 

1. F-1 Exhaust Measurements a t  MSFC 

This t e s t  program, which involved nea r ly  a hundred f i r i n g s  
of a 1 /20-sca le  F-1 LOX/RP-1 engine performed a t  MSFC'S Tes t  Laboratory,  
is  descr ibed  i n  the  f i n a l  d a t a  r epor t  by P a t r i c k  [27] .  Radia t ion  
measurements were obtained by means of e leven HTL narrow-view ang le  
(4.6") r a d i a t i o n  ca lor imeters  mounted p a r a l l e l  t o  the  engine a x i s  and 
30 inches t o  the  s i d e  of the  a x i s .  The f i r s t  ca lo r ime te r  w a s  3 1 / 2  
inches from the  e x i t  p lane ,  the  next  seven were 7 inches apar t ,  and the  
next  t h r e e  were 14  inches apar t .  Other wide-view ang le  ca lor imeters  
(90-135"), b u i l t  by HTL and Hy-Cal, were mounted 11 inches behind the  
nozzle  e x i t  a t  d i s t ances  of 7 ,  8 ,  11 1 / 2 ,  and 18 1 / 2  inches from the 
nozzle  a x i s .  Chrysler  t o t a l  and r a d i a t i o n  ca lor imeters  (purged wi th  
gaseous N2) were mounted i n s i d e  the  plume on the  a x i s  a t  va lues  of 
X/De of 1 2 ,  15,  20, 25, and 30 from the nozzle  e x i t .  Tota l  and s t a t i c  
p re s su re  and temperature measurements were obtained i n  the  plume by 
means of three-pronged rakes  wi th  2 1 /3  inches spac ing  between prongs. 
These were mounted i n  the  plume a t  values  of X/De of 1 2 ,  15,  20, 25, 30, 
40, and 50. Two types of pressure  probes (which used Wianco s t r a i n -  
gage t ransducers )  were used on the rakes:  (1) s t a i n l e s s  s t e e l  w i t h  
a b l a t i v e  carbon on the  o u t s i d e  and (2) s o l i d  copper w i t h  1 /8- inch  s t a i n -  
l e s s  s t e e l  inner  tubing.  The temperature probes had tungsten 10 percent  
rhenium wires  mounted i n  a s t a i n l e s s  s t e e l  tube which a l s o  had po rce l a in  
i n s u l a t i n g  m a t e r i a l  on the  i n s i d e .  A s t e e l  s h i e l d ,  which pro tec ted  a l l  
t he  gages and probes before  i g n i t i o n ,  w a s  dropped h y d r a u l i c a l l y  l e s s  
than a second a f t e r  i g n i t i o n ,  and then w a s  moved up a g a i n  t o  cover the 
gages during engine shutdown. 

Discussions of t he  narrow-view ang le  radiometer  da ta  f o r  
t hese  t e s t s  have been presented by Murphy, e t  a l .  [28] and Hiserodt  [29] .  
Various peaks i n  r a d i a t i o n  hea t ing  along the  a x i s  were experienced 
because of t h e  s t r o n g  normal shocks occurr ing f a i r l y  c l o s e  t o  t h e  nozzle 
e x i t .  The maximum r a d i a t i o n  hea t ing  r a t e  of 107 BTU/ft2sec w a s  recorded 
a t  an  X/D, of 6.5 (behind the  t h i r d  normal shock) .  Radia t ion  measure- 
ments on the  ca lor imeters  i n s i d e  the  plume va r i ed  from about  155 BTU/ft2- 
s e c  a t  a n  X/De of 25. Tota l  hea t ing  measurements i n  the  plume va r i ed  
from about  700 BTU/ft2sec a t  a n  X/De of 1 2  t o  about  60 BTU/ft2sec a t  an  
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X/De of 30. 
t oge the r  with c a l c u l a t i o n s  based on the v iscous  shea r  l a y e r  d i scussed  
by McGimsey [30].  
e s p e c i a l l y  f a r  down stream. The peaks i n  the  i n v i s c i d  plume, calcu-  
l a t e d  by methods discussed i n  r e fe rences  31-33, r e p r e s e n t  t h e o r e t i c a l  
t o t a l  p ressure  behind the normal shocks.  These peaks a r e  be l ieved  t o  
be v a l i d  to  only a few diameters  down s t ream because of v i scous  mixing 
tak ing  place throughout the  plume i n  t h i s  r eg ion .  

The t o t a l  p ressure  measurements a r e  shown i n  f i g u r e  10 ,  

It may be seen  t h a t  ve ry  good agreement e x i s t e d ,  

2. S - IC  (5  F -1 ' s )  Exhaust Measurements a t  MSFC 

This t e s t  program involves  the  f i r i n g  of a 1 /58-sca le  model 
of t he  S-IC s t a g e  w i t h  the  exhausts  impinging on models of t he  Sa turn  V 
launch umbil ical  tower (LUT) and on the  flame t r ench  as the  model dynam- 
i c a l l y  s i m u l a t e s  var ious  l i f t - o f f  t r a j e c t o r i e s .  This t e s t  is i n  p rogres s ,  
and a prel iminary l i s t i n g  of h e a t  f l u x  and p res su re  gages has been d i s -  
cussed by Rochelle [34].  Reference 34 a l s o  desc r ibes  a pre l iminary  
t h e o r e t i c a l  a n a l y s i s  of hea t ing  and p res su re  t o  the  LUT swing arms, 
the  r e s u l t s  of which w i l l  be used i n  an a t tempt  t o  c o r r e l a t e  w i th  the  
experimental  data. 
of the  LUT i n  p lace  showing the  F-1 nozzles  (soon t o  be replaced wi th  
water-cooled ones) ,  flame t rench ,  and l o c a t i o n  of some of the instrumen- 
t a t i o n .  I t  i s  planned t o  mount s c a l e  models of four  120-inch (and l a t e r ,  
156-inch) s o l i d  p rope l l an t  motors on the  S-IC s t a g e  dur ing  the  summer of 
1967 and examine p a r t i c l e  impingement e f f e c t s  on the s u r f a c e s  i n  a n  
e f f o r t  t o  determine whether Launch Complex 39 a t  Cape Kennedy w i l l  have 
t o  be ex tens ive ly  re furb ished  o r  whether a new t e s t  s tand  w i l l  have t o  
be b u i l t  t o  handle e f f e c t s  of the  s t r ap -ons .  

F igure  11 shows the  t e s t  s e tup  w i t h  the  lower p o r t i o n  

Gardon-gage ca lor imeters  b u i l t  by HTL a r e  being used wi th  
maximum t o t a l  hea t ing  r a t e s  of up t o  1000 BTU/ft2sec (water-cooled) 
where the p l u m e s  impinge on the  top of t he  LUT deck. Severa l  Statham 
s t ra in-gage  pressure  t ransducers  a r e  mounted i n  each swing arm, as we l l  
as on the LUT deck and top of t he  LUT. Two types of gas t o t a l  tempera- 
t u r e  probes a r e  being used: (1) an  MSFC-built chromel-alumel exposed- 
bead type used on the swing a r m s  and expected t o  measure temperatures up 
t o  about  2500"R and (2)  tungsten 5 percent  rhenium/tungsten 26 percent  
rhenium used on the LUT deck and top of t he  LUT and expected t o  measure 
temperatures u p  t o  about  4500"R. Pre l iminary  r e s u l t s  i n d i c a t e  t h a t  
t o t a l  heat ing r a t e s  on the  LUT deck were about  600 BTU/ft2sec, r a d i a t i o n  
hea t ing  about 100 BTU/ft2sec, and t o t a l  p ressures  about  11 p s i a .  
hea t ing  on swing a r m  number 2 w a s  only about  45 BTU/ft2sec and r a d i a t i o n  
hea t ing  about 2 2  BTU/ft2sec, even f o r  t he  worst  poss ib l e  case of maximum 
d r i f t  t r a j e c t o r y .  

To ta l  
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3 .  5 - 2  Exhaust Measurements a t  MSFC 

This program involves the f i r i n g  of a 1/12.25-scale  model 
of the  5-2  engine using LOX and gaseous H2 as p rope l l an t s  a t  s e a  l e v e l  
condi t ions  a t  the MSFC Test  Laboratory. The t e s t  s e tup  i n  f i g u r e  1 2  
shows a t o t a l  ca lor imeter  probe mounted near the e x i t  of the  model 5 - 2  
engine.  The c u r r e n t  t e s t  p lan  c a l l s  f o r  mounting t o t a l  p ressure  probes,  
t o t a l  and r a d i a t i o n  ca lor imeter  probes and t e k t i t e  a b l a t i o n  sample probes 
i n  the  exhaust  a t  d i s t ances  up  t o  14-16 inches from the e x i t  plane.  A l l  
probes (and ins t ruments )  w i l l  be shielded from i g n i t i o n  and cu t -of f  sp ikes  
i n  the  same manner as f o r  the  s c a l e  model F-1 MSFC f i r i n g s .  HTL and 
Hy-Cal t o t a l  ca lo r ime te r s ,  mounted i n  hemispherical  and b lunt - faced  cy l in -  
d r i c a l  conf igu ra t ions ,  r e s p e c t i v e l y ,  are  expected t o  measure t o t a l  hea t ing  
r a t e s  i n  the  neighborhood 0.f 1500 BTU/ft*sec. Radia t ion  hea t ing  w i l l  be 
measured by means of bo th  Hy-Cal and Chrys l e r -bu i l t  r a d i a t i o n  ca lo r ime te r s  
capable  of upper l i m i t s  of around 250 BTU/ft2sec and purged wi th  gaseous 
N2. A s t a i n l e s s  s t e e l  p re s su re  probe, f i t t e d  wi th  a Wianco p res su re  
t ransducer  ranged up t o  150 p s i a ,  w i l l  be used to  o b t a i n  t o t a l  p ressures  
i n  the  exhaust .  Experimental va lues  of s t a g n a t i o n  po in t  convect ive hea t -  
ing (found by s u b t r a c t i n g  t o t a l  measurements from r a d i a t i o n  measurements) 
w i l l  be c o r r e l a t e d  using the  t h e o r e t i c a l  methods of Golden [35] and Fay 
and Riddel l  [36] .  

4 .  S-IC (Five F-1 Engines) Exhaust Measurements a t  CAL 

This program involves t e s t i n g  a 1 /45-sca le  model of t he  S - I C  
s t a g e  wi th  f i v e  F-1 engines and wi th  model 120-inch s o l i d  p r o p e l l a n t  
s t rap-ons  a t  CAL. It is  c u r r e n t l y  planned t o  conduct the  program i n  
t h r e e  phases: (1) s ea  l e v e l  LUT t e s t s  a t  CAL (without  ex te rna l  f low) ,  
( 2 )  Mach 2 e x t e r n a l  f low t e s t s  i n  CAL sho r t -du ra t ion  ex te rna l  flow f a c i l -  
i t y ,  and (3)  t r anson ic  (M, = 0.6 ,  0.8,  1 .0 ,  and 1 . 2 )  wind tunnel  t e s t s  i n  
the  CAL 8- foot  by 8- foot  t r anson ic  wind tunnel .  The s e a  l e v e l  t e s t s  w i l l  
complement the  1 /58-sca le  model t e s t s  a t  MSFC descr ibed previous ly .  I t  
is  planned t o  begin t e s t i n g  J u l y  1967 on phase 1 and complete the  program 
by November 1967 as s t a t e d  i n  the  prel iminary t e s t  p l an  w r i t t e n  by 
Hendershot and Dennis [37].  Since the CAL sho r t -du ra t ion  combustor w i l l  
be used, the  LOX and RP-1 p rope l l an t s  w i l l  be s imulated by gaseous O2 and 
e thy lene ,  r e s p e c t i v e l y ,  and the so l id s  w i l l  be s imulated by use of 4 s o l i d  
p r o p e l l a n t  combustors. The tu rb ine  exhaust w i l l  be  s imulated by i n j e c t i n g  
hydrogen i n t o  the F-1 nozzle  from the tu rb ine  exhaust manifold.  The f a s t -  
response p re s su re  gage and th in - f i lm  hea t  t r a n s f e r  gage, used on the  CAL 
s o l i d  p r o p e l l a n t  t e s t s  prev ious ly  discussed,  w i l l  be used on the  base.  
However, because of t he  h igh ly  e ros ive  p r o p e r t i e s  of the  A1,03 p a r t i c l e s  
from the  120-inch s t r ap -ons ,  i t  is  planned t o  use Hidyne s lug- type  ca lo-  
r ime te r s  on the  LUT deck f o r  phase 1 of t he  t e s t s .  These ca lor imeters  
w i l l  have a t h i n  (- 0.10 inch t h i c k )  aluminum d i s c  as the  c a l o r i m e t r i c  
mass wi th  a p l a t i n u m  r e s i s t a n c e  thermometer mounted on the  back t o  
measure d i s c  temperature .  It  is  a l s o  planned t o  use a Warner-Swasey 



fas t - response  spectrometer  t o  measure i n f r a r e d  r a d i a t i o n  from bo th  the  
F- 1 and s ol i d  propel l a n  t exhaus ts . 

5. 5 - 2  Exhaust Measurements a t  AEDC 

Although these  measurements i n  the  5-4 t e s t  c e l l  a t  AEDC 
have been planned f o r  over a yea r ,  they have no t  y e t  been made because 
of the  higher  p r i o r i t y  of the 5 - 2  r e - s t a r t  f i r i n g s  now under way which 
must be f in i shed  before  the  f i r s t  Sa turn  V launch from Cape Kennedy. 
However, i t  is  p r e s e n t l y  planned t o  mount two water-cooled probes (1 i n  
each f i r i n g ) ,  manufactured by HTL, approximately 90 inches down s t ream 
of the  5 - 2  nozzle  e x i t  i n s i d e  the  13  1 /2 - foo t  d i f f u s e r .  The probes,  
which w i l l  have a c y l i n d r i c a l  nose p iece  about  3 inches i n  diameter ,  w i l l  
con ta in  a n  HTL Gardon-gage type ca lor imeter  ranged up  t o  1000 BTU/ft2sec 
and a r a d i a t i o n  ca lor imeter  of 100-150 BTU/ft2sec maximum range.  
a l s o  planned t o  have a Statham s t r a in -gage  p res su re  t ransducer  of 150 p s i a  
range on the s t a g n a t i o n  l i n e  t o  measure t o t a l  p re s su re  and another  Statham 
s t ra in-gage  t ransducer  of about  5 p s i a  a t  the  s i d e  of t he  probe t o  measure 
s t a t i c  pressure.  A Hayes FF-1 radiometer  w i l l  a l s o  be used  wi th  f i l t e r s  
t o  d e t e c t  the  H20 emission i n  the 1 .4 ,  1 . 8 ,  2 . 7 ,  and 6 . 3 ~  wavelength 
i n t e r v a l s .  This radiometer  w i l l  be mounted on top of the d i f f u s e r  i n s e r t  
t o  view through the exhaust  a t  the  e x i t  p lane .  S tagnat ion  l i n e  convec- 
t i v e  heat ing da ta  a r e  expected t o  be c o r r e l a t e d  by the  methods descr ibed  
i n  References 35 and 36 ,  and r a d i a t i o n  hea t ing  d a t a  by the  methods d i s -  
cussed i n  References 38 and 39. 

It i s  

111. CONCLUSIONS 

This r e p o r t  has summarized h e a t  f l u x  and p res su re  ins t rumenta t ion  
used i n  exhausts of r e c e n t  Saturn s o l i d ,  l i q u i d ,  and gaseous p rope l l an t  
f i r i n g s .  Measurements i n  a l l  of the Sa turn  s o l i d  p r o p e l l a n t  f i r i n g s  
and measurements i n  the  f i v e  most r e c e n t  l i q u i d  (and gaseous) f i r i n g s  
were descr ibed.  I n  gene ra l ,  t h ree  types of measurements were obtained:  
(1) f l a t - p l a t e  or  curved panel ,  i n  which the  exhaust  impinged p a r a l l e l  
o r  a t  a small ang le  t o  the  motor a x i s ,  ( 2 )  s t a g n a t i o n ,  i n  which s p h e r i c a l  
o r  c y l i n d r i c a l  probes were completely immersed i n  the  exhaust  plume and 
( 3 )  o p t i c a l ,  i n  which the  measurement w a s  sensed from ou t s ide  the  plume. 
Many of these hea t ing  and pressure  d a t a  have been and w i l l  be used as 
design c r i t e r i a  f o r  the  Sa turn  base reg ion  ( l i q u i d ,  gaseous,  and s o l i d  
s t r ap -on  p rope l l an t  f i r i n g s )  and f o r  s t a g e  s e p a r a t i o n  reg ions  ( s o l i d  
propel lan t  u l l a g e  and r e t r o  f i r i n g s ) .  Convective f l a t - p l a t e  hea t ing  
and pressure d a t a  are being c o r r e l a t e d  by t h e o r e t i c a l  methods discussed 
i n  re ference  7 ,  convect ive s t a g n a t i o n  po in t  hea t ing  d a t a  by methods 
descr ibed i n  r e fe rences  35 and 3 6 ,  gaseous r a d i a t i o n  by methods men- 
t ioned i n  r e f e rences  38 and 39, and p a r t i c l e  r a d i a t i o n  by methods out -  
l i ned  i n  re ferences  39 and 40. It is poss ib l e  t h a t  a d d i t i o n a l  

1 2  



experimental  measurements may be obtained i n  the  near  f u t u r e  from 
exhaus ts  of engines used i n  the  Apollo a p p l i c a t i o n s  and Voyager pro- 
grams. 
which NASAIMSFC engineers  f e e l  are e s s e n t i a l  t o  adequate ly  determine 
thermal and pressure  environments i n  Sa turn  rocke t  exhausts  has been 
presented .  

A f a i r l y  comprehensive review of the  types of ins t rumenta t ion  
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FIGURE 5. TYPICAL CENTAUR RETROROCKET INSTALLATION 
IN CELL 112 OF MSFC TEST LABORATORY 
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FIGURE II. II58-SCALE MODEL OF S-IC STAGE, LUT, AND FLAME 
TRENCH AT MSFC TEST LAB 

25 



26 



REFERENCE S 

1. 

2. 

3. 

4. 

5 .  

6. 

7 .  

8. 

9. 

10. 

11. 

Rochel le ,  W .  C . ,  "Heat Flux Measurements i n  Sa turn  So l id  P rope l l an t  
Rocket Exhausts ," Oral P resen ta t ion  a t  F i f t h  Annual Meeting of 
Hun t sv i l l e ,  Alabama, Sec t ion  of Instrument  Socie ty  of America, 
Apr i l  7 ,  1966. 

Rochel le ,  W. C. , "Theore t ica l  and Experimental I n v e s t i g a t i o n  of 
Heating from Saturn  Sol id  Propel lan t  Rocket Exhausts," AIAA Paper 
66-653 Presented a t  AIAA Second Propuls ion J o i n t  S p e c i a l i s t  Con- 
fe rence  June 13-17, 1966. 

Rochel le ,  W .  C.  , "Modified S-IC Ordnance Disconnect Heating Analysis  
and S - I1  Ullage Motor Tes t  Results, ' '  NASA/MSFC Memorandum f o r  F i l e  
R-AERO-AT-20-65, November 23, 1965. 

Gardon, R. , "An 'Instrument f o r  the Di rec t  Measurement of In t ense  
Thermal Radiat ion,"  Review of S c i e n t i f i c  Instruments ,  May 1953. 

"Theory and Appl ica t ion  of Long-Duration Heat Flux Transducers," 
NASA/MSFC Wind Tunnel Note 106 (prepared by Heat Technology 
Labora tory) ,  November 1 7  , 1964. 

Muse, W .  W. , "Ful l  Sca le  Simulated A l t i t u d e  I n v e s t i g a t i o n  of t he  
Centaur-Payload Surface and Funct ional  Degradation Resul t ing  from 
t h e  Sa turn  S-IVB Retro Rocket Exhaust Contaminants," AEDC TR-66-57, 
May 1966. 

Rochel le ,  W. C. and D.  E .  Kooker, " Inves t iga t ion  of Heat Transfer  
and Pressure  on F l a t  P l a t e s  and Curved Panels due t o  Rocket Exhaust 
Impingement," Paper submitted fo r  p u b l i c a t i o n  t o  AIAA Journa l  of 
Spacecraf t  and Rockets, May 1967. 

Datis, A .  and J. D. Fowler, "Heat Transfer  and Abla t ion  Rate Meas- 
urement i n  Sa turn  S - I1  Ullage Motor Exhaust Plume," Heat Technology 
Laboratory HTL-TR-31, J u l y  2 2 ,  1966. 

Dean, W .  G. , "User's Manual , 'WOTA, a NASA-Lockheed/Huntsville 
Working-Tool Ablat ion Program," Lockheed Miss i l e s  and Space Company 
LMSC/HREC A712574, November 1965. 

Rochel le ,  W. C . ,  "Experimental Determination of Heating Rates  and 
Impingement Pressures  from Centaur Ret ro  Rocket Exhausts ,'I NASA/ 
MSFC Memorandum R-AERO-AT-66-4, June 28 ,  1966. 

Rochel le ,  W. C . ,  "Prel iminary Test P lan  f o r  Ret ro  Rocket Tes ts  a t  
Cornel1 Aeronaut ical  Laboratory, ' '  NASA/MSFC Memorandum R-AERO-AT-65- 
29, October 18,  1965. 

27 



REFERENCES (Continued) 

12. Dennis, R. J. ,  "S-IB and S- I1  Ret ro  Rocket Impingement Tes t  Program," 
Cornel l  Aeronaut ical  Laboratory Base Heating Monthly Progress  Report 
No. 1 7  under Contract  NAS8-20027, June 30, 1966. 

13. Hendershot, K. C. ,  "The Appl ica t ion  of Short-Durat ion Techniques t o  
the Experimental Study of Base Heating: Summary Report December 
1960 - February 1965;' Corne l l  Aeronaut ical  Laboratory Report 
HM-1510-Y-18, A p r i l  1965. 

14. Bogdan, L. , "High-Temperature, Thin-Film Res is tance  Thermometers 
f o r  Heat Transfer  Measurement," Corne l l  Aeronaut ica l  Laboratory 
Report HM-1510-Y-6, February 1963. 

15. Bogdan, L. ,  "Measurement of Radia t ive  Heat Transfer  w i th  Thin-Film 
Resis tance Thermometers," Corne l l  Aeronaut ical  Laboratory Report 
HM-1510-Y-9, Ju ly  1963. 

16. Dennis, R. J . ,  "S-IB and S- I1  Retro-Rocket Impingement T e s t  Program," 
Cornel l  Aeronaut ical  Laboratory Base Heating Monthly Progress  Reports 
Nos. 18-21, and 24 and 25, 1966 and 1967. 

17. Rochelle,  W. C . ,  "Analysis of Heating R a t e s  Along S-IBIS-IVB A f t  
I n t e r s  tage  due t o  Retro-Rocket Exhaust Impingement - Design C r i t e r i a  
f o r  Vehicle 201," NASA/MSFC Memorandum R-AERO-AT-65-30, October 2 2 ,  
1965. 

18. McCaa, D. J . ,  "Saturn So l id  P r o p e l l a n t  Exhaust Plume S p e c t r a l  S tud ie s ,  
Cornel l  Aeronaut ical  Laboratory Base Heating Monthly Progress  Report 
No. 20, September 30, 1966. 

19.  Hendershot, K .  C.  , "Some Observations on Exhaust Rec i r cu la t ion  from 
Clustered Rocket Nozzles," AIAA Paper No. 66-681 presented a t  the  
AIAA Second Propuls ion J o i n t  S p e c i a l i s t  Conference, June 13-17, 
1966. 

20. Hopson, G. D. and W .  B. McAnelly, "Rocket Engine C lus t e r ing  and 
Vehicle I n t e g r a t i o n  as Inf luenced by Base Thermal Environments , I 1  

AIAA Paper No. 66-563 presented a t  the  AIAA Second Propuls ion  J o i n t  
S p e c i a l i s t  Conference, June 13-17, 1966. 

21. Dearing, D. L . ,  "The Sa turn  S-IV Stage Base Thermal Environment- 
F l i g h t  and Sca le  Model Comparison,'' Douglas Paper 3662, presented 
a t  the AIAA Third Aerospace Sciences Meeting, January 24-26, 1967. 

22. Wilson, H. B. ,  "A New Technique f o r  Simulat ing Rocket Engine Flow 
f o r  Study of Base Heating Problems," AIAA Paper No. 66-760, pre- 
sented a t  AIAA Aerodynamic Tes t ing  conference,  September 21-23, 1966. 

28 



REFERENCES (Continued) 

23. Wilson, H. B. , "A Short-Duration Technique f o r  Simulated Rocket 
Exhaust and Wind Tunnel Flow and i t s  Appl ica t ion  t o  the  Study of 
Sca le  E f f e c t  of Rec i r cu la t ing  Flow Fie lds ,"  Proceedings of t he  
1966 Heat Transfer  and Fluid Mechanics I n s t i t u t e ,  Stanford 
Un ive r s i ty  P r e s s ,  1966. 

24. Payne, R. G. and I. P. Jones,  "Summary of Sa turn  I Base Thermal 
Environment," AIAA Journa l  of Spacecraf t  and Rockets, 3, 489 (1966). 

25. Jones,  I. P. , 1 1  Summary of Base Thermal Environment Measurements on 

t h e  Sa turn  I Block I F l i g h t  Vehicles," NASA 7.M X-53326, September 3, 
1965. 

26. McEntire, J. A . ,  C.  R. Mullen, and J. D. Fowler, "Saturn V Model 
Base Heating Test Analysis  (S-IC Stage)  , I 1  Boeing Document 115-15615, 
Vol. 1 - August 25, 1966, Vol. 2 - October 24, 1966. 

27. P a t r i c k ,  D. R. ,  "Final  Data T r a n s m i t t a l  of J e t  Plumes Study T e s t  
Program," NASA/MSFC Memo. R-TEST-CV-112-66, November 1, 1966. 

28. Murphy, G. L.,  e t  a l . ,  "Summary of Analysis  on the  Model Base Heat- 
ing Sca le  Problem," Boeing Coordination Sheet  No. FTS-H-192, 
February 9, 1966. 

29. Hiserodt ,  E. F. ,  "Experimental Evaluat ion of a Heat Technology 
Laboratory,  Inc.  5"  V i e w  Angle Thermopile-Type Radiometer," Heat 
Technology Laboratory Memorandum No. 51, March 26, 1965. 

30. McGimsey, L. R . ,  "Viscous Plume of F-1 Engine a t  Sea Level," Lockheed 
M i s s i l e s  and Space Company, LMSC/HREC A784075, March 24, 1967. 

31. Farmer, R. C . ,  e t  a l . ,  "Ver i f i ca t ion  of a Mathematical Model Which 
Represents Large, Liquid Rocket-Engine Exhaust Plumes , I 1  AIAA Paper 
No. 66-650 presented a t  AIAA Second Propuls ion J o i n t  S p e c i a l i s t  
Conference, June 13-17, 1966. 

32. Prozan, R. J. ,  "Development of a Method of Characteristics So lu t ion  
f o r  Supersonic  Flow of a n  I d e a l ,  Frozen, o r  Equi l ibr ium Reacting 
Gas Mixture," Lockheed Missiles and Space Company, LMSC/HREC 
A782535, A p r i l  1966. 

33. R a t l i f f ,  A. W . ,  "Comparisons of Experimental Supersonic Flow F i e l d s  
w i t h  Resul t s  Obtained Using a Method of Charac t e r i s  t i c s  Solu t ion ,"  
Lockheed Miss i l e s  and Space Company, LMSC/HREC A782592, A p r i l  1966. 

29 



REFERENCES (Continued) 

34. Rochelle,  W .  C . ,  "Prel iminary Analysis  of Heating Rates  and Stagna- 
t i o n  Pressures  on LUT Swing A r m s  Due t o  F-1 Engine Exhausts," NASA/ 
MSFC Memo. R-AERO-AT-2-67, Feb. 20, 1967. 

35. Golden, J . ,  "Arbi t ra ry  Gas Stagnat ion  Region Boundary Layer Computer 
Program,'' Lockheed Miss i l e s  and Space Company, LMSC/HREC A782520, 
A p r i l  1966. 

36. Fay, J. A .  and R.  R.  R idde l l ,  "Theory of S tagnat ion  Poin t  Heat 
Transfer  i n  Dissociated A i r , "  Jou rna l  of t he  Aeronaut ica l  Sciences 
25. 

37. Hendershot, K. C . ,  and R.  J .  Dennis, " Inves t iga t ion  of the  Base 
Environment of an  Improved Sa turn  V Booster U t i l i z i n g  Sol id  Propel-  
l a n t  Strap-ons,"  Monthly Progress Report No. 1 under Cont rac t  NAS8- 
21097, March 1967. 

38. Huffaker,  R. M . ,  "Radiat ion from Rocket Exhaust Plumes, P a r t  I: 
Inhomogeneous Radiant Heat Transfer  from H-1,  F-1, and 5 - 2  Rocket 
Plumes," AIAA Paper No. 66-652 presented a t  A I A A  Second Propuls ion 
Jo in t  S p e c i a l i s t  Conference, June 13-17, 1966. 

39. Rochelle,  W. C . ,  "Review of Thermal Radiat ion from Liquid and 
Solid P rope l l an t  Rocket Exhausts," NASA TM X-53579, February 1967. 

40. Laderman, A.  J .  e t  a l . ,  "Final  Technical Report - Study of Thermal 
Radiation, P a r t i c l e  Impingement Heating, and Flow Fie ld  Analysis  of 
Solid P rope l l an t  Rocket Exhausts, ' '  Aeronutronics V-4045, A p r i l  19, 
1967. 

30 



APPROVAL NASA TM X-53613 

SUMMARY OF HEAT FLUX AND 
USED I N  RECENT SATURN 

by W i l l  i a m  

PRES SURE INSTRUMENTATION 
ROCKET EXHAUST TESTS 

C. Rochelle 

The i n f  rmat ion i n  this repor  has been reviewed f o r  s e c u r i t y  clas- 
s i f i c a t i o n .  Review of any information concerning Department of Defense 
o r  Atomic Energy Commission programs has been made by the  MSFC S e c u r i t y  
C l a s s i f i c a t i o n  Of f i ce r .  This r epor t ,  i n  i t s  e n t i r e t y ,  has been d e t e r -  
mined t o  be u n c l a s s i f i e d .  

This document has a l s o  been reviewed and approved f o r  t echn ica l  
accuracy.  

Homer B. Wildon 
Chief ,  Thermal Environment Branch 

Chief ,  Aerophys i c s  Div is ion  

E .  D .  Ge i s s l e r  
D i r e c t o r ,  Aero-Astrodynamics Laboratory 

31 



DISTRIBUTION 

R- TEST-C 
M r .  Charles Verschoore 
M r .  Don P a t r i c k  
M r .  J. P. Jones 

R- P&VE 
M r  . James Moses 
lfr. Joseph Cody 
M r  . W ill i a m  McAne 1 l y  
M r .  George Hopson 
M r .  David F a r r e l l  
M r .  Richard Sanders 
M r .  Richard Eilerman 

R-AERO 
D r .  E.  D .  G e i s s l e r  
M r .  H. R. Wilson 
M r .  R.  C .  Farmer 
M r .  M. Huffaker 
M r .  W .  K.  Dahm 
M r .  0. Holderer 
M r .  R.  Elkin 
M r .  I. Jones 
M r .  D. Gardner 
M r .  E .  Cooper 
M r .  T.  Greenwood 
M r .  A. Forney 
M r .  R.  Heatherly 
M r .  E.  Brewer 
M r s .  E .  Haywood 
M r .  M. Dash 

MS - IP  
MS-IPL ( 8 )  
MS-H 
HME-P 
cc-P 
MS-T ( 6 )  
I-RM-M 

The Boeing Co.  
Huntsv i l le  I n d u s t r i a l  Center 
Hun t sv i l l e ,  A l a .  
Attn:  M r .  C .  R. Mullen 

M r .  Robert Bender 
Miss Elayne Brower 
M r .  Maurice Baker 
M r .  Harold Mi tche l l  

Lockheed Miss i l e s  & Space Co. 
Hun t sv i l l e  Res. & Eng. Center  
4800 Bradford D r .  
Hun t sv i l l e ,  A l a .  
At tn :  M r .  J .  Gibson 

M r .  D. Kooker 
M r .  G. Reny 
M r  . L .  McGimsey 
D r .  J .  Golden 
M r .  R.  J.  Prozan 
D r .  P. Grodzka 
M r .  A. R a t l i f f  
M r .  S .  J.  Robertson 

H e a t  Technology Lab. 
4308 Governors D r .  NW 
Huntsv i l l e ,  A l a .  
At tn:  M r .  D. L.  Jones 

M r .  L. Holtermann 
M r .  R .  Zerger 
Mrs. B. Audeh 

North American (S&ID) 
Downey , C a l  if. 
At tn :  M r .  A. Afr ican0 

M r .  K. D. Korkan 
D r .  G. Etemad 

Hayes I n t e r n a t i o n a l  
Birmingham, A l a .  
At tn:  M r .  J .  Reardon 

M r .  H. J .  Laney 

Cornel1 Aeronaut ica l  Lab. 
Buffalo,  New York 
Attn:  M r .  K. C .  Hendershot 

M r .  R.  J. Dennis 
D r .  J. L l inas  
D r .  D.  McCaa 

Rhom & Haas 
Redstone Arsenal ,  A l a .  
At tn :  M r .  J .  V i l e s  

D r .  W .  Waesche 

32 



DISTRIBUTION (Continued) 

AEDC 
Tu1 lahoma , Tenn. 
At tn :  M r .  W .  Muse 

M r .  F. E .  Turner 
M r .  J .  Neeley 

Purdue Un ive r s i ty  
L a f a y e t t e ,  Ind. 
Attn:  D r .  R.  Hoglund 

D r .  R. Goulard 

Rocketdyne 
Canoga Park,  C a l i f .  
At tn :  M r .  A.  G. DeBell 

Rocke t dyne 
McGregor, Texas 
At tn :  M r .  Clarence Sanders 

Douglas A i r c r a f t  
Huntington Beach, C a l i f .  
At tn :  M r .  P. Mock 

M r .  D.  E.  Walters 

Ling- Temco-Vought 
Dallas , Texas 
Attn:  M r .  J .  Medford 

General Dynamics 
F t .  Worth, Texas 
Attn:  M r .  R.  A.  Stevens 

TRW Systems 
Houston Operations 
Space Park Drive 
Houston, Texas 77058 
At tn :  M r .  R. G. Payne 

M r .  W. C.  Rochelle (25) 

TRW Sys tems 
Redondo Beach, C a l i f .  
At tn :  M r .  H. J .  Carpenter 

M r .  S .  J .  Morizumi 

Philco-Ford (Aeronutronic) 
New P o r t  Beach, C a l i f .  
At tn:  M r s .  C. Bartky 

M r .  D.  J .  Carlson 
D r .  S tan ley  Byron 
D r .  A. Laderman 

Chrysler  Corp. Space Div. 
New Orleans,  La.  
At tn:  M r .  J. Tucker 

M r .  D. Thibbodeaux 
M r .  B. E l a m  
M r .  G. Davis 

Manned Spacecraf t  Center 
NASA 
Houston, Texas 
Attn:  M r .  D. Greenshields 

M r .  K. C.  Weston 
M r .  R .  Reid 

Un ive r s i ty  of Texas 
(Aerospace Eng. D e p t . )  
Aus t i n ,  Texas 
Attn:  D r .  John P o r t e r  

D r .  John Bur t in  

AeroChem 
Pr ince ton ,  New J e r s e y  
Attn:  H a l  Pergament 

Univ. of Okla. 
Norman, Okla. 
At tn :  D r .  T. J. Love 

Univ. of C a l i f .  
Santa Barbara,  C a l i f .  
At tn:  D r .  W. C. Kuby 

Brown Engineering 
300 Sparkman D r .  
Hun t sv i l l e ,  A l a .  

Attn:  M r s .  Beverly Lavender 
M r .  R.  Yossa 

33 



DISTRIBUTION (Cont i.nued) 

Hughes A i r c r a f t  
Culver Ci ty ,  C a l i f .  
At tn:  D r .  R .  P. Bobco 

U n i v e r s i t y  of Sheff i e l d  
S h e f f i e l d ,  England, G. B. 
A t tn :  D r .  P. J.  F o s t e r  

~ r .  M. W. Thring 

S c i e n t i f i c  and Technical In fo .  F a c i l i t y  ( 2 5 )  
P. 0. Box 33 
College Park, Md. 20740 
Attn :  NASA Rep., S-AK/RKT 

AJXPL 
1 / L t .  Palmer W.  Smith 

3 4  


